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TOUCHPAD ASSEMBLY WITH TACTILE
FEEDBACK

FIELD OF THE INVENTION

[0001] The present invention relates to an assembly for a
terminal device.

BACKGROUND TO THE INVENTION

[0002] WO94/02921 discloses a touch panel in which force
sensitive elements are located at supports at four corners of
the panel. Circuits compare the forces exerted at supports to
determine the location on the panel which is being touched.

[0003] Conventionally, terminal devices such as mobile
communications devices have been provided with a display
for providing a user interface and displaying information, and
a keypad for entering data.

[0004] It is becoming increasingly common for terminal
devices to be provided with a touch-sensitive display. The
touch-sensitive display can be provided in addition to, or
instead of, a keypad. To enter information, the user presses on
the relevant part of the display using their finger or a tool such
as a stylus. In some devices, the user can also drag items or
highlight areas on the display by stroking the display. It is
known also to provide terminal devices with touch-sensitive
panels which do not have a display function.

[0005] Another disadvantage of a touch-sensitive input
panel is that instant feedback may not be provided to the user
when the display is pressed. For example, if a user enters
information using a keypad, typically the key moves down-
ward when the user presses it, and thus the user is assured that
the entry of information has been registered. When the user
presses on a conventional touch-sensitive input panel such as
a display, the displayed information may not change imme-
diately. In the absence of any other acknowledgement of data
entry, the user would not know that the press had been regis-
tered and may continue to press the input panel. Ultimately,
this may lead to frustration for the user.

[0006] The invention was made in this context.
SUMMARY OF THE INVENTION
[0007] A first aspect of the present invention provides an

assembly for a terminal device, the assembly comprising:

[0008] a frame;
[0009] a panel operable to receive a haptic user input;
[0010] a member pivotally connected to the frame to

define two or more pivot axes and supporting the panel at
locations distinct from the pivot axes, the member being
arranged in such a way that the length of a part of the
member connecting points on the two pivot axes varies
in response to the haptic user input, and such that the
panel is displaced relative to the frame as said length
varies, and
[0011] a force sensor operable to detect a haptic input
applied to the panel.
[0012] This can allow the force applied to the pad to be
determined. The force so determined can then be used to
improve the user experience. For instance, a force above a
threshold can be used to determine that a haptic input has
occurred. Alternatively or additionally, different levels of
force can be used to different effects, i.e. a relatively high
force gives rise to a different operation than a relatively low
force.

Jul. 22,2010

[0013] The panel may be a touch-sensitive input panel. In
this case, the force as detected by the force sensor may be used
as a separate input to an input provided by the touch-sensitive
input panel.

[0014] The member may comprise a plurality of rigid lever
members linked to each other by a variable length connection.
The lever members can be rectangular or can have another
suitable shape, such as a “U” shape. The variable length joint
may be a pin and slot joint.

[0015] The member may comprise two rigid lever mem-
bers. The two rigid lever members may be substantially the
same size. Thus, if the panel is supported centrally on the
member, the displacement of the panel can be perpendicular
to the plane of the panel.

[0016] The frame may comprise a base having four side-
walls to define a rectangular cavity, the member being pivot-
ally connected to two opposing sidewalls of said four side-
walls.

[0017] A second aspect ofthe present invention provides an
assembly for a terminal device, the assembly comprising:

[0018] a frame;
[0019] a panel operable to receive a haptic user input;
[0020] a member pivotally connected to the frame to

define two or more pivot axes and supporting the panel at
locations distinct from the pivot axes, the member being
arranged in such a way that the length of a part of the
member connecting points on the two pivot axes varies
in response to the haptic user input, and such that the
panel is displaced relative to the frame as said length
varies, and

[0021] a transducer operable to provide a tactile feed-
back to the user through the panel

[0022] This allows tactile feedback to a user making a
haptic input.
[0023] A third aspect of the invention provides an assembly

for a terminal device, the assembly comprising:

[0024] frame means;

[0025] panel means operable to receive a haptic user
input;

[0026] member means pivotally connected to the frame

to define two or more pivot axes and supporting the panel
at locations distinct from the pivot axes, the member
means being arranged in such a way that the length of a
part of the member means connecting points on the two
pivot axes varies in response to the haptic user input, and
such that the panel means is displaced relative to the
frame means as said length varies, and
[0027] force sensor means operable to detect a haptic
input applied to the panel means.
[0028] A fourth aspect of the invention provides an assem-
bly for a terminal device, the assembly comprising:

[0029] frame means;

[0030] panel means operable to receive a haptic user
input;

[0031] member means pivotally connected to the frame

means to define two or more pivot axes and supporting
the panel means at locations distinct from the pivot axes,
the member means being arranged in such a way that the
length of a part of the member means connecting points
on the two pivot axes varies in response to the haptic user
input, and such that the panel means is displaced relative
to the frame means as said length varies, and

[0032] transducer means operable to provide a tactile
feedback to the user through the panel means.
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[0033] A fifth aspect of the invention provides a method of
operating an assembly for a terminal device, the assembly
comprising:
[0034] a frame;
[0035] a panel operable to receive a haptic user input;
and
[0036] a member pivotally connected to the frame to

define two or more pivot axes and supporting the panel at
locations distinct from the pivot axes, the member being
arranged in such a way that the length of a part of the
member connecting points on the two pivot axes varies
in response to the haptic user input, and such that the
panel is displaced relative to the frame as said length
varies, and

[0037] the method comprising using a force sensor to
detect a haptic input applied to the panel.

[0038] A sixth aspect of the invention provides a method of
operating an assembly for a terminal device, the assembly
comprising:
[0039] a frame;
[0040] a panel operable to receive a haptic user input;
and
[0041] a member pivotally connected to the frame to

define two or more pivot axes and supporting the panel at
locations distinct from the pivot axes, the member being
arranged in such a way that the length of a part of the
member connecting points on the two pivot axes varies
in response to the haptic user input, and such that the
panel is displaced relative to the frame as said length
varies,

[0042] the method comprising using a transducer to pro-
vide a tactile feedback to the user through the panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] Embodiments of the present invention will now be
described by way of example only, with reference to the
accompanying drawings in which:

[0044] FIG. 1A illustrates a cross section of a first embod-
ied assembly, in the form of a display assembly, according to
the present invention, in a first position;

[0045] FIG.1Billustrates the FIG. 1A assembly in a second
position;
[0046] FIG. 2A illustrates a cross section of a second

embodied assembly, in the form of a display assembly,
according to the present invention;

[0047] FIG. 2B illustrates the FIG. 2A assembly in a second
position;
[0048] FIG. 3A illustrates a cross section of a first embod-

ied assembly, in the form of a display assembly, according to
the present invention, in a first position;

[0049] FIG.3Billustrates the FIG. 3A assembly in a second
position;
[0050] FIG. 4A illustrates a cross section of a second

embodied assembly, in the form of a display assembly,
according to the present invention; and

[0051] FIG.4Biillustrates the FIG. 4A assembly in a second
position.
[0052] In the Figures, reference numerals are re-used for

like elements throughout.
DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0053] Referring firstly to FIGS. 1A and 1B, an assembly is
a display assembly 1 and comprises a frame 3, a supporting
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member 5, a touch-sensitive display 7 and a force sensor 9. In
this example, the display assembly 1 forms part of a mobile
communications device (not shown).

[0054] The frame 3 has a base 11, a first sidewall 13 and a
second sidewall 15 opposing the first sidewall 13. The frame
3 also has third and fourth sidewalls (not shown) perpendicu-
lar to the first and second sidewalls, to form a rectangular
cavity for containing the supporting member 5, the display 7,
and the force sensor 9.

[0055] The supporting member 5 comprises a first rigid
lever member 17 and a second rigid lever member 19. The
first and second lever members 17, 19 have a generally rect-
angular form with a length extending horizontally in the
Figure and a width extending perpendicular to the plane of the
Figure. In this example, the first and second rigid lever mem-
bers 17, 19 are of equal length and each has a length slightly
greater than the distance between the first sidewall 13 and the
second sidewall 15.

[0056] The first rigid lever member 17 is pivotally con-
nected at a first edge to the first sidewall 13 to define a first
pivot axis 21. The second rigid lever member 19 is pivotally
connected at a first edge to the second sidewall 15 to define a
second pivot axis 23. These pivot connections can be pro-
vided by any suitable means. In this example, each of the
pivot connections is provided by a pin and hole arrangement.

[0057] The first rigid lever member 17 and the second rigid
lever member 19 are pivotally connected to each other at
respective second edges, which are opposite to the first edges,
to define a third pivot axis 25. The pivot connection is pro-
vided by a two pins 27 on the first lever member 17 threaded
through two slots 29 on the second lever member 19 to form
a pin and slot joint. Each pin 27 protrudes from the first lever
member 17 near to and parallel to the second edge. Each slot
29 is provided near the second edge of the second lever
member 19.

[0058] The display 7 has an upper surface 31 that is touch-
sensitive. Thus, when a user provides a haptic user input to the
upper surface 31 of the display 7, for example by touching the
display 7 with a fingertip, the display 7 and associated cir-
cuitry (not shown) is operable to determine the location of the
user input. The display 7 may for instance be a resistive or
capacitive touch screen or touch window.

[0059] The display 7 is rectangular, and has dimensions
slightly smaller than the rectangular cavity of the frame 3. The
display 7 is not directly coupled to the frame 3. The display 7
is supported by the supporting member 5 to be parallel to the
base 11 of the frame 3. This is achieved by four legs 33 (only
two of which are shown in the Figures) each extending from
the lower surface 35 of a corner of the display 7 to the
supporting member 5. Advantageously, each of the four legs
33 is equally spaced from its respective corner of the display
7. Advantageously, the legs 33 are all equal in height.

[0060] Two ofthelegs 33 are pivotally connected to the first
lever member 17 to define a fourth pivot axis 37. The pivot
connection is provided by a pin 41 fixed to two of'the legs 33,
the pin 41 is threaded through respective slots 43 on the first
lever member 17 to form a pin and slot joint. The other two of
the legs 33 are pivotally connected to the second lever mem-
ber 19 to define a fifth pivot axis 39. The pivot connection is
provided by a pin 45 fixed to each of the legs 33. The pin 45
is threaded through respective holes (not shown) on the sec-
ond lever member 19.
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[0061] The distance between the fourth pivot axis 37 and
the fifth pivot axis 39 is less than the distance between the first
pivot axis 21 and the second pivot axis 23.

[0062] In this embodiment, the force sensor 9 is described
as being a strain gauge, although this non-limiting. However,
certain advantages may arise from the use of a strain gauge.

[0063] The strain gauge 9 is coupled to the lowermost sur-
faces of the first and second lever members 17, 19. The strain
gauge 9 is coupled to the first and second lever members 17,
19 at the location of the parts adjacent the third pivot axis 25.
The coupling may be achieved in any suitable manner For
instance, the strain gauge 9 may be coupled to the first and
second lever members 17, 19 by a bonding adhesive. The
strain gauge 9 may be laminated to the first and second lever
members 17, 19.

[0064] In this example, the strain gauge 9 detects displace-
ment of the display 7 relative to the frame 3 by detecting
movement of the second lever member 19 relative to the first
lever member 17. The relative movement is a bending move-
ment at the pivot point 23. The relationship between the
movement of the first and second lever members 17, 19 and
the displacement of the display 7 is described in further detail
below.

[0065] Referring in particular to FIG. 1A, if there is no
force applied to the display 7, the display assembly 1 is in a
first position. In the first position, the supporting member 5
forms a straight line, i.e. the first lever member 17 and the
second lever member 19 are parallel, and the display 7 isin a
raised position. The strain gauge 9 is relatively relaxed, or
unstressed, in the first position.

[0066] In this example, the supporting member 5 is held in
a straight line position i.e. the first and second lever members
17,19 are not angled with respect to one another, by means of
resilience in the strain gauge 9. In other examples (not
shown), the supporting member may be held in a straight line
position by other means, for example by means of a compres-
sion spring coupled between the base 11 of the frame 3 and
the third pivot point 25, or by means of resilience within the
supporting member 5 itself.

[0067] Referring now to FIG. 1B, when a user presses the
display 7 with a fingertip, or provides some other haptic input
to the display 7, a force is applied via the legs 33 to the fourth
pivot point 37 of the first lever member 17 and the fifth pivot
point 39 on the second lever member 17. This results in a first
moment being applied to the first lever member 17. This also
results in a second moment being applied to the second lever
member 19. This causes the first lever member 17 and the
second lever member 19 to rotate such that their second edges
movetowards the base 11 of the frame 9. The pin and slot joint
at the third pivot point 25 allows the length of the supporting
member 5 to increase, thus allowing the supporting member 5
to form a shallow “V” shape.

[0068] By virtue of this arrangement, displacement of the
display 7 relative to the frame 3 results in a change in the force
applied to the strain gauge 9. Thus, the output of the strain
gauge 9 allows the force applied to the display 7 to be calcu-
lated or inferred. The force experienced by the strain gauge 9
results in a change in the resistance thereof. The resistance
can be detected using a Wheatstone bridge, for instance. The
force experienced by the strain gauge 9 can be calculated
from the resistance.

[0069] The force experienced by the strain gauge 9 is
dependent on the extent of movement of the display 7 relative
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to the frame 3. The greater the movement, the greater the force
experienced by the strain gauge 9.

[0070] Strain gauges typically have good sensitivity. They
also typically have good linearity characteristics. Thus, the
use of the strain gauge 9 allows the displacement of the
display 7 relative to the frame 3 to be determined easily and
accurately. Since the displacement of the display 7 relative to
the frame 3 is independent of the location at which force is
applied to the display 7, the measured force is not dependent
on the location of the haptic input. Put another way, the
measured force is not a function of the location of the haptic
input. Put yet another way, the arrangement provides a uni-
form response.

[0071] Strain gauges also have the advantages of being
robust and compact.

[0072] The skilled person will understand the relationship
between the force applied as a haptic input and the resulting
displacement of the display 7 relative to the frame 3. The
skilled person will understand in particular that the relation-
ship is a function of time, speed of movement, resilience of
the mechanism and inertia.

[0073] Importantly, the measurement of displacement or
force can be achieved using a single strain gauge. This is able
to provide cost savings and reduced weight compared to a
corresponding arrangement including plural strain gauges.
[0074] The mechanism provides tactile feedback, as will
now be explained.

[0075] As the fourth pivot axis 37 on the first lever member
17 and the fifth pivot axis 39 on the second lever member 19
move towards the base 11, the display 7 also moves towards
the base 11. The difference in the distance between the fourth
pivot axis 37 and the fifth pivot axis 39 in a direction parallel
to the base is accounted for by the slot 43 on the fourth pivot
axis 37. Movement of the display 7 towards the base 11
provides an immediate tactile feedback to the user that the
input has been registered. The effect of the tactile feedback
can be increased by designing the arrangement such that the
display 7 encounters sudden resistance to further movement
once a certain travel of the display 7 has occurred. This may
be achieved in any suitable way.

[0076] Furthermore, as haptic input results in displacement
of'the display 7 relative to the frame 3, the changing resistance
of'the strain gauge 9 is detected by circuitry (not shown). The
circuitry infers from the resistance of the strain gauge 9 that
the user has provided a haptic input to the display 7. This may
involve comparing the output of the strain gauge 9 to a thresh-
old level. It may alternatively be carried out in any other
suitable way. The circuitry is responsive to this detection to
sense the location of the haptic input on the display 7, using
outputs of the display 7, and provide the location information
to an operating system which manages operation of the host
mobile communications device. The operating system can
then provide appropriate signals to interested software appli-
cations. As the output of the strain gauge 9 is used to detect
that displacement of the display 7 relative to the frame 3 has
occurred before the location is sensed and a response is gen-
erated, the accuracy of detection of user inputs is improved.
[0077] The associated circuitry or the operating system
may involve a timer, and the response may be dependent on
the length of time that the display 7 is displaced relative to the
frame 3, as detected from the output of the strain gauge 9. For
example, if the display 7 is displaced relative to the frame 3 by
a user pressing the display 7 with a fingertip and then lifting
their finger, returning the display assembly to the first posi-
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tion, before expiration of a first timer, a first response may be
generated. The location of the haptic input is sensed in
response to the detection of the release of the display 7, as
detected from the output of the strain gauge 9, and the first
response is carried out. The first response may be opening by
the operating system or an application of a new page that
corresponds to an icon or text displayed at the detected loca-
tion.

[0078] Alternatively, if the release of the display 7, as
detected from the output of the strain gauge 9, does not occur
until after the first timer expires, other actions may be taken.
For example, if after the predetermined first amount of time
the detected location of the fingertip on the upper surface 31
of the display has not changed, a second response may be
generated. The second response may be displaying a menu by
an application.

[0079] If the sensed location of the fingertip on the upper
surface 31 of the display changes whilst the display 7 is
displaced relative to the frame 3, as detected from the output
of the strain gauge 9, the circuitry or operating system oper-
ates to monitor the location of the haptic input on the display
7 until the display 7 returns to the unactuated position. This
allows e.g. selection of text on the display or dragging of
items around the display.

[0080] In other examples, the location of the haptic input
may be sensed before the display 7 is displaced relative to the
frame 3, as detected from the output of the strain gauge 9, but
information on the detected location may only be captured, in
the sense that the information is put to use, upon detection that
the display 7 is displaced relative to the frame 3, as detected
from the output of the strain gauge 9. The location of the
haptic input may be sensed before the display 7 is displaced
relative to the frame 3 by a predetermined amount, as detected
from the output of the strain gauge 9, but information on the
detected location may only be captured, in the sense that the
information is put to use, upon detection that the display 7 is
displaced relative to the frame 3 by the predetermined
amount, as detected from the output of the strain gauge 9.
[0081] In an alternative embodiment, the strain gauge 9 is
used as an alternative means for detecting a user input. In this
embodiment, detection of displacement of the display 7 rela-
tive to the frame 3, as detected from the output of the strain
gauge 9, is used as described in any of the alternatives above
for detecting the location(s) and nature of a haptic input.
However, the touch sensitive display 7 also functions conven-
tionally in the sense that it is able to determine without
involvement of the strain gauge 9 what is the location(s) and
nature of a haptic input. These two different techniques for
detecting haptic input can occur in parallel, i.e. a haptic input
can be detected and acted on following displacement of the
display 7 relative to the frame 3, as detected from the output
of the strain gauge 9, even if the haptic input is not detected
conventionally. Alternatively, the haptic input can be detected
and acted on conventionally even if the haptic input is not
detected through the output of the strain gauge 9.

[0082] In other embodiments, the arrangement is used to
react to user inputs differently. In particular, the arrangement
is used in a two-stage input process hereafter termed ‘touch-
click’. In touch-click, the location of a haptic user input is
detected using the touch-sensitive display 7, and this input is
used by the operating system and/or an application to high-
light an icon or other item displayed at the appropriate loca-
tion on the display. Subsequently displacement of the display
7 relative to the frame 3, as detected from the output of the
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strain gauge 9, is used by the operating system and/or appli-
cation to activate whatever is denoted by the icon or item. To
achieve this, a user merely needs to displace the touch-sensi-
tive display 7 relative to the frame 3 by pressing the display 7.
Thus, two inputs can be achieved through a single movement,
whereas in the corresponding prior art arrangement it would
have been necessary to remove the stylus or finger between
first and second touches of the touch-sensitive display.
[0083] It will be appreciated that the effectiveness of this
mode of operation depends on the sensitivity of the display.
To achieve the above-described operation, the touch-sensitive
display needs to be sufficiently sensitive that it detects haptic
user input before displacement of the display 7 relative to the
frame 3 is detected from the output of the strain gauge 9. This
can be achieved through suitable setting of the threshold value
to which the output of the strain gauge 9 is compared. With a
less sensitive touch-sensitive display, or with a suitably
selected threshold value to which the output of the strain
gauge 9 is compared, the same effect can be achieved but with
detection of displacement of the display 7 relative to the
frame 3 triggering a location sensing which results in high-
lighting of an icon or item followed by haptic input detection
solely through the touch-sensitive display 7 triggering acti-
vation of whatever is denoted by the icon or item.

[0084] The distance between the first pivot axis 21 and the
fourth pivot axis 37 is equal to the distance between the
second pivot axis 23 and the fifth pivot axis 39. Thus, the
display 7 moves parallel to the base 11 of the frame 3 when a
force is applied.

[0085] Referring now to FIG. 2A and FIG. 2B, a second
embodied assembly, in the form of a display assembly 2, also
comprises a frame 3, a supporting member 5, a touch-sensi-
tive display 7 and a force sensor, in the form of a strain gauge
9.

[0086] The frame 3 has a base 11, a first sidewall 13 and a
second sidewall 15 opposing the first sidewall 13. The frame
3 also has third and fourth sidewalls (not shown) perpendicu-
lar to the first and second sidewalls, to form a rectangular
cavity for containing the supporting member 5, the display 7,
and the strain gauge 9. The frame 3 also comprises a first
support 51 and a second support 53 upstanding from the base
11 inside the rectangular cavity. The first support 51 and the
second support 53 are arranged to support the supporting
member 5 as described below.

[0087] The supporting member 5 has substantially the same
structure as described with reference to the FIG. 1A display
assembly 1. However, in this embodiment the first lever mem-
ber 17 and the second lever member 19 are not pivotally
connected to the first wall 13 and the second wall 15 respec-
tively of the frame 3. Instead, the first lever member 17 is
pivotally connected to the first arm 51 to define the first pivot
axis 21 and the second lever member 19 is pivotally con-
nected to the second arm 53 to define the second pivot axis 23.
[0088] The display 7 has substantially the same structure as
described with reference to the FIG. 1A display assembly 1.
In this embodiment, the distance between the fourth pivot axis
37 and the fifth pivot axis 39 is greater than the distance
between the first pivot axis 21 and the second pivot axis 23.
[0089] The strain gauge 9 is coupled to the uppermost sur-
faces of the first and second lever members 17, 19. The strain
gauge 9 is coupled to the first and second lever members 17,
19 at the location of the parts adjacent the third pivot axis 25.
The coupling may be achieved in any suitable manner. For
instance, the strain gauge 9 may be coupled to the first and
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second lever members 17, 19 by a bonding adhesive. The
strain gauge 9 may be laminated to the first and second lever
members 17, 19.

[0090] Referring in particular to FIG. 2A, if there is no
force applied to the display 7, the display assembly 2 is in a
first position. In the first position, the supporting member 5
forms a straight line, i.e. the first lever member 17 and the
second lever member 19 are parallel, and the display 7 isin a
raised position. The strain gauge 9 is relatively relaxed, or
unstressed, in the first position.

[0091] Referring now to FIG. 2B, when a user presses the
display 7 with a fingertip, or provides some other haptic input
to the display 7, a force is applied via the legs 33 to the fourth
pivot point 37 of the first lever member 17 and the fifth pivot
point 39 on the second lever member 19. As described with
reference to the FIG. 1B display assembly, this causes the first
lever member 17 and the second lever member 19 to rotate.
Since, in this example, the force is applied on the opposite
sides to the first and second pivot axes 21, 23, this causes the
first lever member 17 and the second lever member 19 to
rotate in the opposite direction i.e. the first lever member 17
and the second lever member 19 rotate such that their second
edges move away from the base 11.

[0092] This rotation also causes the first edges of the first
and second lever members 17, 19 to move towards the base
11. Thus the display 11 moves towards the base, and the strain
gauge 9 is stretched, or stressed. Therefore, the second
embodied display assembly 2 behaves similarly to the first
embodied display assembly 1 in response to a haptic user
input.

[0093] As such, by virtue of this arrangement, displace-
ment of the display 7 relative to the frame 3 results in a change
in the force applied to the strain gauge 9. Thus, the output of
the strain gauge 9 allows the force applied to the display 7 to
be calculated or inferred. The force experienced by the strain
gauge 9 results in a change in the resistance thereof. The
resistance can be detected using a Wheatstone bridge, for
instance. The force experienced by the strain gauge 9 can be
calculated from the resistance.

[0094] The force experienced by the strain gauge 9 is
dependent on the extent of movement of the display 7 relative
to the frame 3. The greater the movement, the greater the force
experienced by the strain gauge 9.

[0095] In the above described examples, the supporting
member 5 comprises two rectangular rigid lever members 17,
19 linked by a pin and slot joint. In other examples, the
supporting member 5 can have a different structure, provided
that it is arranged to have a variable length such that it can be
deformed to allow the display 7 to move relative to the frame
3 in response to a haptic user input. For example, the lever
members 15, 17 may be replaced by components which pro-
vide the same or similar function. The first and second com-
ponents may each have a “U” shape in the plane of the lever
members 15, 17. The “U” shape of the first component may be
formed by two rectangular limbs perpendicular to the first
pivot axis 21 joined by a base having an axis coinciding with
the first pivot axis 21. Similarly, the “U” shape of the second
component may be formed by two rectangular limbs perpen-
dicularto the second pivot axis 23 joined by a base in line with
the second pivot axis 23. Thus, when linked together, the U
shaped component form a supporting member in the shape of
arectangle with a central rectangular hole. This structure can
allow circuitry, or other components, to be placed in the same
plane as the supporting member 5.
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[0096] In yet another example, the supporting member 5
may comprise three rigid components also linked by pin and
slot joints. Alternatively, the rigid components may be linked
by means of an expansion spring. The supporting member 5
may also comprise a resilient material.

[0097] Inthe above described examples, the strain gauge 9
is coupled to the first and second lever members 17, 19 at the
location of the parts adjacent the third pivot axis 25. In other
examples, the position of the strain gauge 9 may vary, pro-
vided that it is arranged to detect displacement of the display
7 relative to the frame either directly or indirectly.

[0098] The frame 3 may not be provided with a rectangular
cavity having a base 11 and sidewalls 13, 15 as described
above. The frame 3 can have any structure that appropriately
supports the supporting member 5.

[0099] It will be appreciated that the pin and slot arrange-
ment at the third pivot axis 25 may be replaced with a simple
pivot.

[0100] It will be appreciated also that the strain gauge 9
may be replaced with an alternative force sensor. Suitable
force sensors may include resistive polymer pads, FSR (Force
Sensitive Resistor) sensors, MEMS (Micro-ElectroMechani-
cal Systems) sensors etc.

[0101] A third embodiment is shown in FIGS. 3A and 3B.
The embodiment is largely the same as the embodiment of
FIGS. 1A and 1B, and the description of that embodiment is
not repeated here for the sake of conciseness. This is one
difference in that a pressure sensor 51 is provided in place of
a strain gauge. The pressure sensor 51 may be a polymer
resistive pad. It may alternatively be a metal composite resis-
tive pad. It may alternatively be a pad comprising carbon
particles.

[0102] The pressure sensor 51 is located at the base of the
frame 11. The pressure sensor 51 is located immediately
beneath the third pivot axis 25. Thus, displacement of the
display 7 relative to the frame 3 results in the first and second
lever members 17, 19 being brought into contract with the
pressure sensor 51. This is shown in FIG. 3B. Pressure, i.e.
force, results in a change in resistance of the pressure sensor
51. The change is a decrease in resistance with increasing
force. The force applied to the pressure sensor 51 can be
determined by circuitry (not shown) similar to the circuitry
described above in connection with FIGS. 1A and 1B.
[0103] A fourth embodiment is shown in FIGS. 4A and 4B.
The embodiment is the same as the embodiment of FIGS. 1A
and 1B, and the description of that embodiment is not
repeated here for the sake of conciseness, although there are
two key differences.

[0104] The first difference is that the strain gauge 9 is
provided on uppermost surfaces of the first and second lever
members 17, 19. This has the effect of leaving the lowermost
surfaces empty. A different type of force sensor may be used
in place of the strain gauge 9.

[0105] The second difference is that there is provided
means for providing tactile feedback. In particular, the base of
the frame 11 is provided with a recess 60. Spanning the recess
60 is a support 61. The support 61 has ends which rest on the
part of the frame 11 surrounding the recess 60.

[0106] The support 61 supports on its uppermost surface a
coupling component 62. The support 61 supports on its low-
ermost surface a movement generator 64. The movement
generator 64 is a piezoelectric actuator. The piezoelectric
actuator 64 is excitable by an electrical signal to move. Thus,
when either or both of the first and second lever members 17,
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19 is in contact with the coupling component 62, excitation of
the piezoelectric actuator 64 results in movement of the dis-
play 7 by way of its connection to the piezoelectric actuator
64 through the first and second lever members 17, 19, the
coupling component 62 and the support 61. The piezoelectric
actuator 64 may be controlled to vibrate, or to generate a
single pulse.

[0107]

[0108] One suitable piezoelectric actuator is a single layer
piezoelectric actuator. This includes a ceramic layer and a
metal layer. The layers are circular and concentric. The metal
layer has the larger diameter. The layers are bonded together.
A suitable drive signal may be a pulse width modulation
signal. It may be audio or unipolar. It may comprise a single
unipolar pulse or a pulse series. Each pulse may have a dura-
tion of between 1 and 5 ms. There can be rest periods between
pulses as required. Driving signals may be between 50 and 75
V. Driving currents may be around 5 mA. The piezoelectric
actuator may be used to generate a signal having a haptic
frequency below 1 kHz. The single layer piezoelectric actua-
tor may be rated to around 150V and 200 mA.

[0109] Another suitable piezoelectric actuator is a multi
layer piezoelectric actuator. For instance, the piezoelectric
actuator may include plural ceramic layers, for instance 9
layers, and a single metal layer. The piezoelectric actuator
may be a linear device. Such device may be driven by a
bipolar voltage between 5 and 10 V. driving current may be 10
mA. The device may be rated to 100 mA. The piezoelectric
actuator may be used to generate a signal having a haptic
frequency below 1 kHz.

[0110] This embodiment allows the device to provide tac-
tile feedback to auser. In particular, the device incorporating
the arrangement can be arranged so that the piezoelectric
actuator 64 is excited when the device detects, using the
output of the strain gauge 9, that the display 7 is displaced
relative to the frame 3 to a degree sufficient to constitute a
haptic input. Feeling movement of the display 7 resulting
from this actuation of the piezoelectric actuator 64 allows the
user to determine that their haptic input has been registered.

[0111] Since the displacement of the display 7 relative to
the frame 3 is uniform across the area of the display 7, the
displacement resulting from the piezoelectric actuator 64 is
not dependent on the location of contact between the user and
the display 7. Put another way, the arrangement provides a
uniform tactile feedback.

[0112] The tactile feedback aspects of the fourth embodi-
ment are separable from the force sensor aspects of the
embodiment.

[0113] In the embodiments of FIGS. 1, 2 and 4 described
above, the strain gauge 9 is coupled to the pivot connection of
the first and second lever members 17, 19. However, it will be
appreciated by those skilled in the art that various other
mechanisms can be constructed which achieve the same or a
similar result and, as such, that this connection of the force
sensor may not be essential. Advantageously, a force sensor is
connected at a pivot point of an assembly which pivots when
the panel 7 moves relative to the frame 3.

[0114] Although in the above pivots are achieved using
hinges having pins and a cooperating slot or hole, other
arrangements are within the scope of the invention. For
instance, live or living hinges may be used in place of the pin
and hole hinges. A live or living hinge is a (typically thin) strip

Any suitable piezoelectric actuator may be used.
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moulded into a part (typically plastic) to create a line along
which the part can bend. Other compliant mechanisms may
be used instead.

[0115] Other forms of force sensor may be used instead of
the strain gauge and pressure sensors described above. For
instance, a force sensing resistive (FSR) sensor may be used.
As is known, this sensor comprises a semiconductive layer
and an electrode layer separated by a spacer layer. As the FSR
is subjected to a force, the area of contact between the semi-
conductive layer and the electrode layer changes, giving rise
to a change in resistance. The change in resistance is detected
in any suitable way and the force calculated therefrom.
[0116] Theinvention is applicable alsoto non-display input
arrangements. In further embodiments of the invention (not
shown in the Figures), an assembly comprises an arrange-
ment substantially as shown in any of the Figures. In place of
the display 7 of those Figures, however, anon-display panel is
used. The panel comprises a rigid component with a planar
upper surface having touch sensitivity. As with the touch-
sensitive display of the FIGS. 1A and 1B embodiment, the
panel provides output signals from which the location of a
haptic user input can be determined. The panel may be pro-
vided with pre-printed graphics, for instance denoting the
function of keys (direction arrows, numbers, call function
keys etc.) which relate to the corresponding area of the panel.
The functions provided by user input at the relevant locations
on the panel may not change, unlike the touch-sensitive dis-
play embodiments.

[0117] In a still further embodiment (not shown), a touch-
sensitive panel comprising at least one display part and at
least one non-display part is used in place of the display 7 of
any of the Figures.

[0118] Each of these unshown embodiments incorporates
the relevant apparatus and operational features from the
FIGS. 1, 2, 3 and 4 embodiments and experiences all the
advantages thereof. Of course, the resolution (in terms of the
resolution of location of a haptic user input) of a non-display
touch-sensitive input panel might be significantly lower than
the resolution of a touch-sensitive display.

[0119] It should be realised that the foregoing examples
should not be construed as limiting. Other variations and
modifications will be apparent to persons skilled in the art
upon reading the present application. Such variations and
modifications extend to features already known in the field,
which are suitable for replacing the features described herein,
and all functionally equivalent features thereof. Moreover,
the disclosure of the present application should be understood
to include any novel features or any novel combination of
features either explicitly or implicitly disclosed herein or any
generalisation thereof and during the prosecution of the
present application or of any application derived therefrom,
new claims may be formulated to cover any such features
and/or combination of such features.

1. Apparatus for a terminal device, the apparatus compris-

ing:

a frame;

a panel operable to receive a haptic user input;

a member pivotally connected to the frame to define two or
more pivot axes and supporting the panel at locations
distinct from the pivot axes, the member being arranged
in such a way that the length of a part of the member
connecting points on the two pivot axes varies in
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response to the haptic user input, and such that the panel
is displaced relative to the frame as said length varies,
and

a force sensor operable to detect a haptic input applied to

the panel.

2. Apparatus as claimed in claim 1, wherein the panel is a
touch-sensitive input panel operable to receive the location of
the haptic user input.

3. Apparatus as claimed in claim 1, wherein the member
comprises a plurality of rigid lever members linked to each
other by a variable length connection.

4. Apparatus as claimed in claim 1, wherein the member
comprises a plurality of rigid components pivotally con-
nected to the frame by a variable length connection.

5. Apparatus as claimed in claim 3, wherein the variable
length connection is a pin and slot joint.

6. Apparatus as claimed in claim 3, wherein the member
comprises two rigid components connected together at a
pivot.

7. Apparatus as claimed in claim 6, wherein the two rigid
components are substantially the same size.

8. Apparatus as claimed in claim 6, wherein the force
sensor is coupled to both of the rigid components at the
location of the pivot.

9. Apparatus as claimed any preceding claim in claim 1,
wherein the force sensor is a strain gauge.

10. Apparatus as claimed in claim 1, wherein the frame
comprises a base having four sidewalls to define a rectangular
cavity, the member being pivotally connected to two oppos-
ing sidewalls of said four sidewalls.

11. Apparatus as claimed in claim 1, comprising a trans-
ducer operable to provide a tactile feedback to the user
through the panel.

12. Apparatus for a terminal device, the apparatus compris-
ing:

a frame;

a panel operable to receive a haptic user input;

amember pivotally connected to the frame to define two or

more pivot axes and supporting the panel at locations
distinct from the pivot axes, the member being arranged
in such a way that the length of a part of the member
connecting points on the two pivot axes varies in
response to the haptic user input, and such that the panel
is displaced relative to the frame as said length varies,
and

a transducer operable to provide a tactile feedback to the

user through the panel.

13. Apparatus as claimed in claim 12, wherein the member
comprises a plurality of rigid lever members linked to each
other by a variable length connection.

14. Apparatus as claimed in claim 12 wherein the member
comprises a plurality of rigid components pivotally con-
nected to the frame by a variable length connection.
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15. Apparatus as claimed in claim 13, wherein the variable
length connection is a pin and slot joint.

16. Apparatus as claimed in claim 13, wherein the member
comprises two rigid components connected together at a
pivot.

17. Apparatus as claimed in claim 16, wherein the two rigid
components are substantially the same size.

18. Apparatus as claimed in claim 12, wherein the trans-
ducer comprises a piezoelectric actuator.

19. Apparatus as claimed in claim 12, wherein the trans-
ducer is supported by the frame.

20. Apparatus as claimed in claim 19, wherein the trans-
ducer is in contact with the member when the panel is dis-
placed relative to the frame and is not in contact with the
member when the panel is not displaced relative to the frame.

21. Apparatus as claimed in claim 18, wherein the trans-
ducer is supported by a deformable component which is sup-
ported by the frame.

22. Apparatus as claimed in claim 1, wherein the panel is a
touch-sensitive display panel.

23. Apparatus as claimed in claim 12, wherein the panel is
a touch-sensitive display panel.

24-46. (canceled)

47. A method of operating an apparatus for a terminal
device, the apparatus comprising:

a frame;

a panel operable to receive a haptic user input; and

a member pivotally connected to the frame to define two or

more pivot axes and supporting the panel at locations
distinct from the pivot axes, the member being arranged
in such a way that the length of a part of the member
connecting points on the two pivot axes varies in
response to the haptic user input, and such that the panel
is displaced relative to the frame as said length varies,
and

the method comprising using a force sensor to detect a

haptic input applied to the panel.

48. A method of operating an apparatus for a terminal
device, the apparatus comprising:

a frame;

a panel operable to receive a haptic user input; and

a member pivotally connected to the frame to define two or

more pivot axes and supporting the panel at locations
distinct from the pivot axes, the member being arranged
in such a way that the length of a part of the member
connecting points on the two pivot axes varies in
response to the haptic user input, and such that the panel
is displaced relative to the frame as said length varies,

the method comprising using a transducer to provide a

tactile feedback to the user through the panel.

sk sk sk sk sk



